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DESCRIPTION 

PHOTODETECTOR DEVICE 

Technical Field 

[0001] The present invention relates to a photo-detecting apparatus 
5 capable of detecting the intensity distribution of incident light in two 
directions that are at right angles to each other on a photo-detecting 
surface. 

Background Art 

[0002] There has been known such a photo-detecting apparatus capable 

10 of detecting the intensity distribution of incident light in two directions 
that are at right angles to each other on a photo-detecting surface as 
disclosed in Patent Document 1. In the photo-detecting apparatus, a 
plurality of pixels are arranged in a two-dimensional array on the photo- 
detecting surface on the substrate, each pixel having a structure in which 

1 5 first and second photosensitive portions for outputting respective current 
values in accordance with the intensity of incident light are disposed 
adjacently to each other. In each column of the two-dimensional array, 
the first photosensitive portions included in the group of pixels 
constituting the column are electrically connected to each other through 

20 a common line, and current values to be output through the line provide 
information about the two-dimensional intensity distribution of incident 
light on the photo-detecting surface being accumulated in the colunm 
direction (i.e. the intensity distribution of incident light in the row 
direction). In each row of the two-dimensional array, the second 

25 photosensitive portions included in the group of pixels constituting the 
row are also electrically connected to each other through another 
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common line, and current values to be output through the line provide 
information about the two-dimensional intensity distribution of incident 
light on the photo-detecting surface being accumulated in the row 
direction (i.e. the intensity distribution of incident light in the column 
5 direction). Thus, the intensity distribution of incident light in both the 
column and row directions on the photo-detecting surface can be 
obtained. 

Patent Document 1: International Patent Publication No. WO03/049190 
Disclosure of the Invention 

10 Problem to be Solved by the Invention 

[0003] The inventors have studied conventional photo-detecting 
apparatuses in detail, and as a result, have found problems as follows. 
That is, when obtaining the intensity distribution of incident light in the 
column direction on the photo-detecting surface of the photo-detecting 

15 apparatus disclosed in Patent Document 1, current values ou^ut through 
each conunon line that connects the second photosensitive portions 
included in the group of pixels constituting each row are read out in 
chronological order, which suffers from a problem in that if the intensity 
distribution of incident light (e.g. peak intensity and/or peak position) 

20 changes with time, the intensity distribution of incident light in the 
column direction carmot be obtained at the same timing. The same 
apphes to the case of obtaining the intensity distribution of incident light 
in the row direction on the photo-detecting surface, 
[0004] In order to overcome the above-mentioned problems, it is an 

25 object of the present invention to provide a photo-detecting apparatus 
capable of obtaining the intensity distribution of incident light at the 
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same timing even when the intensity distribution of incident light may 

change with time. 

Means for Solving Problem 

[0005] A photo-detecting apparatus according to tfie present invention 

5 comprises a photo-detecting section and a signal processing section. 
The photo-detecting section has a plurality of pixels arranged in a two- 
dimensional array having M rows and N columns (M and N each 
represent an integer of 2 or more), a plurality of lines LA,m ("m" 
represents any integer of 1 to M) provided correspondingly for the 

10 respective rows in the two-dimensional array that is constituted by the 
plurality of pixels, and a plurality of lines Lb^ ("n" represents any 
integer of 1 to N) provided correspondingly for the respective columns. 
Each of the plurality of pixels has a first photodiode PDa^^ and a 
second photodiode PDB.nMi- The plurality of lines La^ are provided for 

15 the respective rows so that the N first photodiodes PDa^i to PD/^ 
included in the group of pixels constituting the m-th row of the two- 
dimensional array are electrically connected to each other through the 
line La^, Also, the plurality of lines Lb^ are provided for the 
respective columns so that the M second photodiodes PDb,i^ to PDsMn 

20 included id the group of pixels constituting the n-th column of the two- 
dimensional array are electrically connected to each other through the 
line Lb^. The signal processing section includes M readout circuits 
Ra.1 to Kam and N readout circuits Rb,i to Rb;n. The signal processing 
section transfers an electric charge generated in the first photodiode 

25 PDA m n connected to the line La^ into the readout circuit RA.m to output 
a voltage value in accordance with the charge quantity in the readout 
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circuit Rajii. while transferring an electric charge generated in the 
second photodiode PDbwi connected to the line Lb^ into the readout 
circuit Rb^ to output a voltage value in accordance with the charge 
quantity in the readout circuit Rb^. 

5 [0006] In the photo-detecting section of the photo-detecting apparatus, 
the plurality of pixels are arranged in a two-dimensional array having M 
rows and N columns, and the pixel in the m-th row and the n-th column 
has the first photodiode PDa^ and the second photodiode PI>bw»- 
When light enters the photo-detecting section, the first photodiode 

10 PDa^ and the second photodiode PDbwi included in the pixel at the 
light incident position generate an electric charge. The electric charge 
generated in the first photodiode PDa^ is to be transferred and held in 
the readout circuit Rajb through the line La^ to output a voltage value 
Vajii in accordance with the charge quantity held in the readout circuit 

15 Rajbi. Also, the electric charge generated in the second photodiode 
PDb oy, is to be transferred and held in the readout circuit Rb^ through 
the line Lb^ to output a voltage value Vb^ in accordance with the charge 
quantity held in tfie readout circuit Rb^. Meanwhile, in the signal 
processing section, the readout circuit Ra^i, is provided correspondingly 

20 for the m-th row among the plurality of pixels arranged in a two- 
dimensional array having M rows and N columns, the M readout 
circuits Ra,i to Ram ''cing operable at the same timing. Also, the 
readout drcuit Rb^ is provided correspondingly for the n-th column, the 
N readout circuits Rb.i to Rb^ being operable at the same timing. 

25 Therefore, the photo-detecting apparatus according to the present 
invention can obtain the intensity distribution of incident light at the 
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same timing even when the intensity distribution of incident light may 
change with time. 

[0007] Each of the readout circuit Ra^ and the readout circuit Rb^ has a 
capacitive section for holding an electric charge, amplifying means for 

5 outputting a vohage value in accordance with the charge quantity held 
in the capacitive section, transfer means for transferring an electric 
charge generated in a photodiode to the capacitive section; and 
discharge means for discharging an electric charge in the capacitive 
section. In this case, in each of the readout circuits Ra^ and Rb^, 

10 electric charge generated in a photodiode is transferred by the transfer 
means to the capacitive section through a line and held in the capacitive 
section. Then, the amplifying means outputs a voltage value in 
accordance with the charge quantity held in the capacitive section. 
Also, the discharge means discharges the electric charge in the 

15 capacitive section. It is noted that the capacitive section may be made 
intentionally as a capacitive element, or when each of the amplifying 
means, transfer means, and discharge means are constituted by 
transistors, the capacitive section may be a gate, drain, or soxirce 
capacitance of the transistors or wiring capacitance, or further may be 

20 any combination thereof. 

[0008] Each of the first photodiode PDa^ and the second photodiode 
PDb^ preferably includes a first semiconductor region with a first 
conductive-type, a second semiconductor region with a second 
conductive-type provided on the first semiconductor region with the 

25 first conductive-type so as to form a pn junction with first 
semiconductor region of the first conductive-type; and a third 
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semiconductor region with the first conductive-type provided on the 
second semiconductor region and the periphery thereof so as to form a 
pn junction with the second semiconductor region of the second 
conductive-type. When the photodiodes are buried ones as above, 

5 there can be no contact between a depletion layer and an interface 
between a semiconductor region and an insulating layer, which reduces 
the occurrence of leak current due to disturbance of the crystal structure 
in the interface between the semiconductor region and the insulating 
layer, resulting in a high S/N ratio of light detection. 

10 [0009] The signal processing section may further include M holding 
circuits Ha,i,i to Hamu M holding circuits Ha,u ^ Ham2, N holding 
circuits Hb.i,i to Hbj^i, N holding circuits Hb.u to Hbj^^, a first 
subtracting circuit, and a second subtracting circuit. In this case, one 
of the holding circuit H/^i and the holding circuit holds a 

15 voltage value to be outputted from the readout circuit Ra^, and one of 
the holding circuit Hb^i and the holding circuit Hb^ holds a voltage 
value to be outputted from the readout circuit Rb^. Also, the first 
subtracting circuit receives a voltage value Va^i to be outputted from 
the holding circuit Ha^,i and a voltage value Va^ to be outputted from 

20 the holding circuit Ha^ to output a voltage value representing the 
difference between the voltage values (Va^j - Va^). Then, the 
second subtracting circuit receives a voltage value Vbai ^ be outputted 
from the holding circuit Hb^i and a voltage value Vba2 to be outputted 
from the holding circuit Hba2 to output a vohage value representing the 

25 difference between the vohage values (Vb^i - Vb^i)- 

[0010] In the case above, the signal processing section is sectionalized 
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into a first signal processing section and a second signal processing 
section. That is, the first signal processing section includes the M 
readout circuits Ra.i to Raja the M holding circuits Ha.i.i to Bam.u the 
M holding circuits Ha.u to Ha,h2, and the first subtracting circuit. On 

5 the other hand, the second signal processing section includes the N 
readout circuits Rb.) to Rbjj, the N holding circuits Hb.i.i to Hb.n,i, the N 
holding circuits Hb.u to Hbji^, and the second subtracting circuit. 
Then, in the first signal processing section, one of tiie holding circuit 
Ha^,i and the holding circuit Ha^ holds a voltage value to be 

10 outputted from the readout circuit Ra^, and the first subtracting circuit 
outputs a voltage value representing the difference between a voltage 
value Va^i to be outputted firom the holding circuit Ha^i and a voltage 
value Va^ to be outputted fi-om the holding circuit (Va^i - 
VAjia)- ^ the other hand, in the second signal processing section, 

15 one of the holding circuit Hbai and the holding circuit Ife^ holds a 
voltage value to be outputted fi^om the readout circuit Rb^ and the 
second subtracting circuit outputs a voltage value representing the 
difference between a voltage value Vb^i to be outputted from the 
holding circuit Hb^i and a voltage value Wba^ to be outputted from the 

20 holding circuit HB.n^ (Vb^i - Vb^z)- In this arrangement, the first and 
second signal processing sections can be operated in parallel. 
[0011] The signal processing section may further include M holding 
circuits Ha.i.i to Hami, M holding circuits Ha.u to Ham2, N holding 
circuits Hb.i.i to Hb^i, N holding circuits Hb.u to Hbj4^, and a 

25 subtracting circuit. In this case, one of the holding circuit Ha^i and 
the holding circuit Ha^ holds a voltage value to be outputted from the 
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readout circuit Raju, and one of the holding circuit Hb^i and the holding 
circuit HB.n.2 holds a voltage value to be outputted from the readout 
circuit Rbji. Also, the subtracting circuit receives a voltage value 
Vajii.i to be outputted from the holding circuit Ha^i and a voltage value 

5 to be outputted from the holding circuit Ha^ to output a voltage 

value representing the difference between the voltage values (VAja,\ - 
Va^) as well as receiving a voltage value Vb^i to be ouQ)utted from 
the holding circuit Hbai and a voltage value Vba2 to be outputted from 
the holding circuit Hb^ to output a voltage value representing the 

1 0 difference between the voltage values ( Vb^i - Vb^). 

[0012] In the case above, one of the holding circuit Ha^j and the 
holding circuit Hajh^ holds a voltage value to be outputted from the 
readout circuit Ra^, and one of the holding circuit Hbai and the holding 
circuit Bsja holds a voltage value to be outputted from the readout 

15 circuit Rb^. Also, die subtracting circuit outputs a voltage value 
representing the difference between a voltage value Va^i to be 
outputted from the holding circuit Ha^,i and a voltage value Vajo^ to be 
outputted from the holding circuit Ha^^ (Va^i - Va^) as weU as 
outputting a voltage value representing the difference between a voltage 

20 value Vb^i to be outputted from the holding circuit Hb^i and a voltage 
vahie Vb^ to be outputted from the holding circuit Hba2 (Vb^i - Vb^). 
[0013] The signal processing section may further include M holding 
circuits Ha.i,i to Haml M holding circuits Ha,u to Uaw, M holding 
circuits Ha.i,3 to Ham3» ^ holding circuits Ha.i,4 to Ha>i.4, N holding 

25 circuits Hb.i.i to Hb^i, N holding circuits Hb.u to Hb^^, N holdmg 
circuits Hb.i.3 to Hb^s, N holding circuits Hb,i.4 to Hb;^.4, a first adding 
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and subtracting circuit, and a second adding and subtracting circuit. In 
this case, one of the holding circuit Ha^.i, the holding circuit Ha^, the 
holding circuit Ha^, and the holding circuit Ha^,4 holds a voltage 
value to be outputted from the readout circuit Ra^, and one of the 

5 holding circuit Hbai, the holding circuit Hb,i,^, the holding circuit Hbas, 
and the holding circuit Hb^4 holds a voltage value to be outputted from 
the readout circuit Rb^. Also, the first adding and subtracting circuit 
receives a voltage value Va^h,! to be ouQ)utted from the holding circuit 
Ha^i, a voltage value Va^ to be outputted from the holding circuit 

10 Ha^^, a voltage value Va^ to be outputted from the holding circuit 
Ha^, and a voltage value Va^4 to be outputted from the holding 
circuit Ha^4 to output a voltage value representing the addition and 
subtraction of the voltage values ((Va^ - Va^4) - (Va^i - VAjja)). 
Then, the second adding and subtracting circuit receives a voltage value 

15 Vb^i to be outputted from the holding circuit Hb^i, a voltage value 
Vba2 to be outputted from die holding circuit Hba2> a voltage value 
Vba3 to ^ outputted from the holding circuit Hb^s, and a voltage value 
Vb^4 to be outputted from the holding circuit Bb^a to output a voltage 
value representing the addition and subtraction of the voltage values 

20 ((Vba3 - Vba4) - (Vbai - Vb^)). 

[0014] In the case above, the signal processing section is sectionalized 
into a first signal processing section and a second signal processing 
section. That is, the first signal processing section includes the M 
readout circuits Ra.i to Ra^i, the M holding circuits Ha.i.i to Hama, the 

25 M holding circuits Ha,i^ to Ham2, the M holding circuits Ha.i.3 to Ham3, 
the M holding circuits Ha.i.4 to Hax4, and the first adding and 
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subtracting circuit. On the other hand, the second signal processing 
section includes the N readout circuits Rb,i to Rsja, the N holding 
circuits Hb,i,i to Hb^u the N holding circuits Hb,u to Hbj^^, the N 
holding circuits Hb.i.3 to Hbx3, the N holding circuits Hb,i,4 to Hbx4, 

5 and the second adding and subtracting circuit. In the first signal 
processing section, one of the holding circuits Ha^,i to HA.m,4 holds a 
voltage value to be outputted from the readout circuit RA.m- The first 
adding and subtracting circuit ou^uts a voltage value representing the 
addition and subtraction of a voltage value Va^i to be outputted from 

10 the holding circuit Ha^j, a voltage value Va^^ to be outputted from the 
holding circuit Ha^hu* ^ voltage value Va^3 to be outputted from the 
holding circuit Ha^3, and a voltage value Va^4 to be outputted from 
the holding circuit HA,m.4 ((Va^,3 - VA4n,4) - (Va^i - Va^)). On the 
other hand, in the second signal processing section, one of the holding 

15 circuits Hb^i to Hba4 holds a voltage value to be outputted from the 
readout circuit Rb^. Then, the second adding and subtracting circuit 
outputs a voltage value representing the addition and subtraction of a 
voltage value Vb^i to be outputted from the holding circuit Hb^u a 
voltage value Vb^,^ to be outputted from the holding circuit Hba2, a 

20 voltage value Wb^3 to be outputted from the holding circuit Hb^, and a 
voltage value Vba4 to be outputted from the holding circuit Hbjoa 
((Vba3 - Vba4) - (Vbai - Vba2)). In this arrangement, the first and 
second signal processing sections can be operated in parallel. 
[0015] The signal processing section may fiirther include M holding 

25 circuits Ha,i,i to Haj^i, M holding circuits Ha.u to Ham2, M holding 
circuits Haj.3 to Hax3> M holding circuits Ha.i,4 to Ham4, N holding 
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circuits Hb.i.i to Hb^. N holding circuits Hb.i^ to Hbj<^, N holding 
circuits Hb.u to Hbj4.3, N holding circuits Hb,i,4 to HBjq.4, and an adding 
and subtracting circuit. In this case, one of the holding circuit Ha^u 
the holding circuit Ha^, the holding circuit Ha^, and the holding 

5 , circuit holds a voltage value to be outputted from tife readout 
circuit Rajh, and one of the holding circuit Hb^i, the holding circuit 
Hba2, tbe holding circuit Hb^s, and the holding circuit Ub^a holds a 
voltage value to be outputted from the readout circuit Rb^. Then, the 
adding and subfracting circuit receives a voltage value Va^i to be 

10 outputted from the holding circuit Ha^i, a voltage value Va^h^ to be 
outputted from the holding circuit Ha^, a voltage value Va^3 to be 
outputted from the holding circuit Hajh.3, and a voltage value Va^4 to 
be outputted from the holding circuit Ha^4 to ou^ut a voltage value 
representing the addition and subtraction of the voltage values ((Va^ - 

1 5 Va^4) - ( Va^i - Va^)) as well as receiving a voltage value Vb^i to be 
outputted from the holding circuit Hb^,i, a voltage value Ybai to be 
ou^utted from the holding circuit Hba2, a voltage value Vb^s to be 
outputted from the holding circuit Hba3, and a voltage value Vba4 to be 
outputted from the holding circuit Hb^.4 to output a voltage value 

20 representing the addition and subtraction of the voltage values ((Vb^s - 

Vba4) - (Vbai - Vfija))- 

[0016] In the case above, one of the holding circuits Ha^d.! to Ua^a 
holds a voltage value to be outputted from the readout circuit Ra^, 
while one of the holding circuits Hb^i to Hba4 holds a voltage value to 
25 be outputted from the readout circuit Rb^. Also, the adding and 
subtracting circuit ou^uts a voltage value representing the addition and 
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subtraction of a voltage value Va^j to be outputted from the holding 
circuit Ha^i, a voltage value Va^ to be outputted from the holding 
circuit Ha^^, a voltage value Va^,3 to be outputted from the holding 
circuit Ha^3, and a voltage value Va^4 to be outputted from the 

5 holding circuit Ua^a ((VAan,3 - Va^O - (Va^i - Va^)) as weU as 
outputting a voltage value representing the addition and subtraction of a 
voltage value Vb^i to be outputted from the holding circuit Ub^u a 
voltage value Vba2 to be outputted from the holding circuit Hba2> ^ 
voltage value Vba3 to be outputted from the holding circuit Hb.ii,3, and a 

10 voltage value Vba4 to be outputted from the holding circuit Ub^a 

((Vba3 - Vba4) - ( Vb^I - VB,n^)): 

[0017] The present invention will be more fully understood from the 
detailed description given hereinbelow and the accompanying drawings, 
which are given by way of illustration only and are not to be considered 

IS as limiting the present invention. 

[0018] Further scope of appHcability of the present invention will 
become apparent from the detailed description given hereinafter. 
However, it should be understood that the detailed description and 
specific examples, while indicating preferred embodiments of the 

20 invention, are given by way of illustration only, since various changes 
and modifications within the spirit and scope of the invention will be 
apparent to those skilled in the art from this detailed description. 
Effect of the Invention 

[0019] In accordance with the present invention, it is possible to obtain 
25 the intensity distribution of incident hght at the same timing even when 
the intensity distribution of incident light may change with time. 
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Brief Description of the Drawings 

[0020] Fig.l is a view showing the schematic configuration of a first 
embodiment of a photo-detecting apparatus according to the present 
invention; 

5 Fig.2 is a view showing the configuration of a photo-detecting section; 
Fig.3 is a cross-sectional view showing the structure of a photodiode; 
Fig.4 is a view showing the configuration of a first signal processing 
section in the photo-detecting apparatus according to the first 
embodiment; 

10 Fig.5 is a view showing the configuration of a second signal processing 
section in the photo-detecting apparatus according to the first 
embodiment; 

Fig.6 is a circuit diagram of a readout circuit; 
Fig.7 is a circuit diagram of a holding circuit; 
1 5 Fig.8 is a circuit diagram of a subtracting circuit; 

Fig.9 is a timing diagram for illustrating the operation of the first signal 
processing section in the photo-detecting apparatus according to the first 
embodiment; 

Fig. 10 is a view showing the schematic configuration of a second 
20 embodiment of a photo-detecting apparatus according to the present 
invention; 

Fig. 11 is a view showing the configuration of a signal processing 
section in the photo-detecting apparatus according to the second 
embodiment; 

25 Fig. 12 is a view showing the schematic configuration of a third 
embodiment of a photo-detecting apparatus according to the present 
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invention; 

Fig. 13 is a view showing the configuration of a first signal processing 
section in the photo-detecting apparatus according to the third 
embodiment; 

5 Fig. 14 is a view showing the configuration of a second signal 
processing section in the photo-detecting apparatus according to the 
third embodiment; 

Fig. 15 is a circuit diagram of an adding and subtracting circuit; 
Fig. 16 is a timing diagram for illustrating the operation of the first 
10 signal processing section in the photo-detecting apparatus according to 
the third embodiment; 

Fig. 17 is a view showing the schematic configuration of a fourth 
embodiment of a photo-detecting apparatus according to the present 
invention; and 

15 Fig. 18 is a view showing the configuration of a signal processing 
section in the photo-detecting apparatus according to the fourth 
embodiment. 

Description of the Reference Numerals 

[0021] 1-4* -photo-detecting apparatuses; 10- -photo-detecting section; 
20 21, 23-"first signal processing section; 22, 24-- signal processing 
section; 31, 33*- second signal processing section; and 41-44- -control 
section. 

Best Modes for Carrying Out the Invention 

[0022] In the following, embodiments of a photo-detecting apparatus 
25 according to the present invention will be explained in detail with 
reference to Figs. 1 to 18. In the explanation of the drawings, 
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constituents identical to each other will be referred to with numerals 
identical to each other without repeating their overlapping descriptions. 
[0023] (First Embodiment) 

A first embodiment of a photo-detecting apparatus according to 

5 the present invention will first be explained. Fig.l is a view showing 
the schematic configuration of the photo-detecting apparatus 1 
according to the first embodiment. As shown in Fig.l, the photo- 
detecting apparatus 1 comprises a photo-detecting section 10, a first 
signal processing section 21, a second signal processing section 31, and 

10 a control section 41. In the photo-detecting section 10, a plurality of 
pixels are arranged in a two-dimensional array having M rows and N 
columns. The first signal processing section 21 is electrically 
connected to the photo-detecting section 10 through M lines La,i to Laj^ 
and holds an electric charge to be transferred fi-om photodiodes in the 

1 5 photo-detecting section 1 0 through each line La^ as well as outputting a 
voltage value Va^ in accordance with the thus held charge quantity. 
The second signal processing section 3 1 is electrically coimected to the 
photo-detecting section 10 through N lines Lb.i to Lbjvi and holds an 
electric charge to be transferred fi^om photodiodes in the photo-detecting 

20 section 10 through each line LB.n as weU as outputting a voltage value 
Vb^ according to the thus held charge quantity. The control section 41 
controls the operation of the first and second signal processing sections 
21 and 31. It is noted that M and N each represent an integer of 2 or 
more, "m" represents any integer of 1 to M, and "n" represents any 

25 integer of 1 to N. 

[0024] Fig.2 is a view showing the configuration of the photo-detecting 
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section 10. As shown in Fig.2, M x N pixels are arranged in a two- 
dimensional array having M rows and N columns in the photo-detecting 
section 10, and the pixel in the m-th row and the n-th column has 
photodiodes PDa^ and PDbwi- The photodiodes PDa^ and PDb^ 

5 are disposed adjacently to each other in the same plane and the anode 
terminals thereof have a ground potential. The cathode terminals of 
the N photodiodes PDa.™.! to PDa^ included in the group of pixels 
constituting die m-th row are electrically connected to each other 
tfirough the line Lajh- Also, the cathode terminals of die M 

10 photodiodes PDb.u to PDbmh included in the group of pixels 
constituting the n-th column are electrically connected to each other 
through the line Lb^. 

[0025] Fig.3 is a view showing the cross-sectional structure of a 
photodiode. The photodiodes PDa^^ and PDB.itMi are preferably buried 

15 ones as shown in Fig.3. That is, each of these photodiodes has a first 
semiconductor region 101 with p-type; a second semiconductor region 
102 with n-type provided on the first semiconductor region 101 with p- 
type to form a pn junction with the first semiconductor region 101 with 
p-type, and a third semiconductor region 103 with p^-type provided on 

20 the second semiconductor region 102 and the periphery thereof to form 
a pn junction with the second semiconductor region 102. Also, an 
insulating layer 1 04 is provided on these semiconductor regions and the 
second semiconductor region 102 is electrically connected with a metal 
layer 105. It is noted that the metal layer 105 corresponds to the line 

25 La^ or Lb4i. When the photodiodes are buried ones as above, there can 
be no contact with an mterface between a semiconductor region and an 
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insulating layer, which reduces the occurrence of leak cuirent due to 
disturbance of the crystal structure in the interface between the 
semiconductor region and the insulating layer, resulting in a high S/N 
ratio of light detection. 

5 [0026] Fig.4 is a view showing the configuration of the first signal 
processing section 21 in the photo-detecting apparatus 1 according to 
the first embodiment. The first signal processing section 21 includes 
M readout circuits Ra.i to Ra^i, M holding circuits Ha.i.i to Haxu M 
holding circuits Ha,i^ to Haj«u, and a subtracting circuit Sa. The 

10 readout circuit Ra^d is connected to the line La^ and holds an electric 
charge to be transferred firom the photodiode PDa^imi through the line 
La^ as well as outputting a voltage value accordiug to the thus held 
charge quantity. 

[0027] The input terminal of the holding circuit Ha^i is connected to 
15 the output terminal of Ae readout circuit Ra^ via a switch SWh and 
holds a voltage value to be outputted from the readout circuit Ra^ when 
the switch SWn is closed, as well as outputting the thus held voltage 
value. Also, the output terminal of the holding circuit Hajb.! is 
connected to the first input terminal of the subtracting circuit Sa via a 

20 switch SW21. 

[0028] The input terminal of the holding circuit is connected to 
the output terminal of the readout circuit Ra^ via a switch SW12 and 
holds a voltage value to be outputted from the readout circuit Ra^d when 
die switch SW12 is closed, as well as outputting the thus held voltage 

25 value. Also, the output terminal of die holding circuit Ha^ is 
connected to the second input terminal of the subtracting circuit Sa via a 
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switch SW22. 

[0029] The opening and closing of the switch SWn is controlled by a 
HoldA.i signal. The opening and closing of the switch SW12 is 
controlled by a HoWa^ signal. Further, the opening and closing of the 

5 switches SW21 and SW22 is controlled by a ShiftA^ signal. These 
signals will be outputted from the control section 41 . 
[0030] The subtracting circuit Sa has the firet and second input 
terminals. On die basis of a voltage value Va^i inputted to the first 
input terminal and a voltage value Vajb^ inputted to the second input 

10 terminal, the subtracting circuit Sa outputs a voltage value Vajb (= 
Va^i - Va^) in accordance with the difference between the voltage 
values. The &st and second input terminals can be connected to a 
ground potential through switches, the opening and closing of which is 
to be controlled by a ResetA signal to be ou^utted from the control 

15 section 41. 

[0031] Fig.5 is a view showing the configuration of the second signal 
processing section 31 in the photo-detecting apparatus 1 according to 
the first embodiment. The second signal processing section 31 
includes N readout circuits Rb.i to Rbj*, N holding circuits Hb.i.i to 

20 Hb.n.i. N holding circuits Hb,i^ to Hbjj^, and a subtracting circuit Sb- 
The readout circuit Rb^ is connected to the line Lb^ and holds an 
electric charge to be transferred from the photodiode PDb^ through the 
line Lb^ as well as ou^utting a voltage value in accordance with the 
dius held charge quantity. 

25 [0032] The input terminal of the holding circuit Hbai is connected to 
the output terminal of the readout circuit Rb^ via a switch SWn and 
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holds a voltage value to be outputted from the readout circuit Rb^ when 
the switch SWn is closed, as well as outputting the thus held voltage 
value. Also, the output terminal of the holding circuit Hb^i is 
connected to the first input terminal of the subtracting circuit Sb via a 

5 switch SW21. 

[0033] The input terminal of the holding circuit Hba2 is connected to 
the output terminal of the readout circuit Rbji via a switch SW12 and 
holds a voltage value to be outputted from the readout circuit Rb^ when 
the switch SWn is closed, as well as outputting the thus held voltage 

10 value. Also, the output terminal of the holding circuit Hba2 is 
connected to the second input terminal of the subtracting circuit Sb via a 
switch SW22- 

[0034] The opening and closing of the switch SWn is controlled by a 
Holds.! signal. The opening and closing of the switch SW12 is 

1 5 controlled by a HoldB.2 signal. Further, the opening and closing of the 
switches SW21 and SW22 is controlled by a Shiffe^n signal. These 
signals will be outputted from the control section 41 . 
[0035] The subtracting circuit Sb has the first and second input 
terminals. On the basis of a voltage value Vb^h.! inputted to the first 

20 input terminal and a voltage value Vb^ inputted to the second input 
terminal, Ae subtracting circuit Sb outputs a voltage value Vb^ (= Vb^i 
- Vfija) accordance with the difference between the voltage values. 
The first and second input terminals can be connected to a ground 
potential through switches, the opening and closing of which is to be 

25 controlled by a Resets signal to be outputted from the confrol section 4 1 . 
[0036] Fig.6 is a circuit diagram of the readout circuit Ra^di- The 
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readout circuits Ra^ and Rb^ have the same circuit configuration. 
Each readout circuit Ra^ comprises a capacitive section C for holding 
an electric charge, a transistor Tl and a constant current source as 
amplifying means for outputting a voltage value in accordance with the 
5 charge quantity held in tiie capacitive section C, a transistor T2 as 
transfer means for transferring an electric charge from the photodiode 
PDa^^ to the capacitive section C through the line LA.m, and a transistor 
T3 as discharge means for discharging an electric charge in the 
capacitive section C. 

10 [0037] The drain terminal of the transistor Tl has a bias potential, and 
the source terminal of the transistor Tl is connected mth the constant 
current source and is further connected to the holding circuits Ha^i and 
Ha^ via the respective switches SWn and SW12. The capacitive 
section is provided between the gate terminal of the transistor Tl and 

15 the ground potential. The source terminal of the transistor T2 is 
connected to the line La^, while the drain terminal of the transistor T2 
is connected to the gate terminal of the transistor Tl, a Trans signal 
being inputted to the gate terminal of the transistor T2. The source 
terminal of the transistor T3 is connected to the gate terminal of the 

20 transistor Tl, while the drain terminal of the transistor T3 has a reset 
potential, a Reset signal being inputted to the gate terminal of the 
transistor T3. The Reset signal and the Trans signal is outputted from 
the control section 41 . 

[0038] The transistor T2 transfers an electric charge from the 
25 photodiode PDa^^h to the capacitive section C dirough the line LA,m 
when the Trans signal entering the gate terminal thereof is at a high 
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level. The transistor T3 discharges an electric charge in the capacitive 
section C when the Reset signal entering the gate terminal thereof is at a 
high level. It is noted that the capacitive section C may be made 
intentionally as a capacitive element, or may be gate capacitance of the 
5 transistor Tl, drain capacitance of the transistor T2, source capacitance 
of the transistor T3, or wiring capacitance, or further may be any 
combination thereof. 

[0039] Fig.7 is a circuit diagram of the holding circuit Ha^j. The 
holding circuits Ha^i, Ha^, Hb^i, and Hs^n^ have the same circuit 

10 ' configuration. The holding circuit Ha^i has a capacitive element C 
provided between the input and output terminals and the ground 
potential. Each holding circuit Ha^i holds an electric charge in the 
capacitive element C in accordance with a voltage value input from the 
readout circuit Ra^ as well as outputting a voltage value according to 

15 the charge quantity to the subtracting circuit Sa. 

[0040] Fig.8 is a circuit diagram of the subtracting circuit Sa. The 
subtracting circuits Sa and Sb have the same circuit configuration. The 
subtracting circuit Sa has two voltage follower circuits Fl and F2, four 
resistors Rl to R4, and an amplifier. 

20 [0041] The two voltage follower circuits Fl and F2 have the same 
configuration in which the inverting input terminal and the output 
terminal of an amplifier are connected directly to each other to have a 
high input impedance and a low output impedance, being ideally an 
amplifier circuit with an amplification factor of 1. The one voltage 

25 follower circuit Fl is adapted to receive a voltage value VA.in^ to be 
sequentially outputted from the M holding circuits Ha,i^ to Ham2 
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tbrough the non-iaverting input terminal. The other voltage follower 
circuit F2 receives a voltage value Va^i to be sequentially outputted 
from the M holding circuits Ha,i,i to Ha>i,i through the non-inverting 
input terminal. 

5 [0042] The inverting input terminal of the amplifier is connected to the 
output terminal of the voltage follower circuit Fl via the resistor Rl as 
well as to the output terminal thereof via the resistor R3. The non- 
inverting input terminal of the amplifier is connected to the output 
terminal of the voltage follower circuit F2 via the resistor R2 as well as 

10 to the ground potential via the resistor R4. Assuming that the 
amplification factor of the voltage follower circuits Fl and F2 is 1 and 
that the four resistors Rl to R4 have the same resistance, the voltage 
value Va^ to be outputted from the output terminal of the subtracting 
circuit Sa can be represented by the formula: 

15 [0043] Next, the operation of the photo-detecting apparatus 1 according 
to the first embodiment will be explained. Although the operation of 
the first signal processing section 2 1 will here be explained, the same 
applies to die operation of the second signal processing section 31. 
Fig.9 is a timing diagram for illustrating the operation of the first signal 

20 processing section 21 in the photo-detecting apparatus 1 according to 
the first embodiment. 

[0044] It is noted that Fig.9 shows the waveforms of a Reset signal to 
be inputted to tiie gate terminal of the ti-ansistor T3 in the readout circuit 
Ra^, a Trans signal to be inputted to the gate terminal of the tiansistor 
25 T2 in the readout circuit Ra^, a HoWa.! signal for controlling the 
opening and closing of the switch SWu provided between the readout 
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circuit Ra^ and the holding circuit HA.ni,i, a HoldA.2 signal for 
controlling the opening and closing of the switch SW12 provided 
between die readout circuit Ra^ and the holding circuit Hajd^, a ResetA 
signal for controlling the opening and closing of the switches provided 

5 between the first and second input terminals of the subtracting circuit Sa 
and the ground potential, a ShiftA.i signal for controlling the opening 
and closing of the switches SW21 and SW22 provided between the 
holding circuits Ha.i.i and Ha.i^ and the subtracting circuit Sa, a ShiftA;? 
signal for controlling the opening and closing of the switches SW21 and 

10 SW22 provided between the holding circuits Ha^,i and Ha^^ and the 
subtracting circuit Sa, a ShiflAj«i signal for controlling die opening and 
closing of the switches SW21 and SW22 provided between the holding 
circuits Ha>!.i and and the subtracting circuit Sa, and a voltage 
value Vajii to be outputted from the subtracting circuit Sa in this order 

15 from above. 

[0045] Before the time to, the Reset signal is at a high level, while the 
Trans signal is at a low level, the HoWa.! signal is at a low level, the 
HoldA^ signal is at a low level, the ResetA signal is at a low level, and 
each ShiftAjn signal is at a low level. The Reset signal shifts to a low 

20 level at the time to and returns to a high level at the time t2, which 
follows the time t©. The Trans signal shifts to a higji level at the time ti, 
which follows the time to but precedes the time t2, and returns to a low 
level at the time ta, which follows the time t2. 
[0046] Since the Reset signal is at a high level before the time to and the 

25 Trans signal is at a low level from the time to through ti, the electric 
charge in the capacitive section C of the readout circuit Ra^ is 

23 



20061 im \Mn SOEl PATENT & LAW 



NO. 7006 P. 39 



FP04-0499-00 



discharged to be in an initial state during the time period, whereby the 
voltage value (dark signal component) in this initial state is to be 
outputted from the readout circuit Ra^. The HoWa,! signal is at a high 
level during a certain time period between the time to and ti to close the 
5 switch SW) 1 , whereby the output voltage value (dark signal component) 
Va^i of the readout circuit Ra^ during the time period is to be held by 
the holding circuit Hajh.!. 

[0047] Since the Reset signal is at a low level while the Trans signal is 
at a higji level from the time ti through t2, an electric charge generated 

10 in a photodiode is to be transferred and held in the capacitive section C 
of the readout circuit Ra^ through the line La^ to ou^ut a voltage 
value (light signal component) in accordance with the charge quantity 
from the readout circuit Ra^. The HoWa^ signal is at a high level 
during a certain time period between the time ti and t2 to close the 

1 5 switch SWi2, whereby the output voltage value (light signal component) 
Vajji^ of the readout circuit Ra^d during the time period is to be held by 
the holding circuit Ha^;^. 

[0048] Since the Reset signal is at a high level and the Trans signal is 
also at a high level from the time tz through U, the electiic charge in the 

20 capacitive section C of the readout circuit Ra^ is discharged to be in an 
initial state during the time period. Since the Trans signal is also at a 
high level, if there remains an electric charge afrer transfer in the 
photodiodes PDa^i to PDa^n, the electiic charge is also to be 
discharged to be in an initial state. Charge accumulation in the 

25 photodiodes PDa^i to PDa^ will be started at the time ta. 

[0049] Since the Reset signal is at a high level while the Trans signal is 
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at a low level and the HoWa,! and HoWa^ signals are still at a low level 
from the time through tio, the voltage values held in the respective 
holding circuits Ha^i and Ha^^ will remain held without change. 
During this time period, the ResetA signal is at a high level for a certain 

5 time period repeatedly M times. Then, during the time period in which 
the ResetA signal is at a low level after the m-th high level, the ShiftA^ 
signal is at a high level for a certain time period. 
[0050] The ShiftA^ signal being thus at a high level for a certain time 
period causes the switches SW21 and SW22 provided between the 

10 holding circuits Ha^i and Hajiu and the subtracting circuit Sa to be 
closed, whereby the voltage value Vajb.! held in the holding circuit 
Ha.111.1 is to be inputted to the subtracting circuit Sa and the voltage value 
Va^ held in the holding circuit Ha^ is to be inputted to the 
subtracting circuit Sa, which results in that a voltage value Va^ (= 

15 VAjn.1 - Va^) is outputted from the output terminal of the subtracting 
circuit Sa. Thus, the voltage values Va,i to Wam are sequentially 
outputted from the first signal processing section 21 to obtain the 
intensity distribution of incident light in the colunrn direction. 
[0051] It is noted that the second signal processing section 31 may be 

20 operated during the same time period as above where the first signal 
processing section 21 is operated, or may be operated during a time 
period different from above. It is however preferable that the first and 
second signal processing sections 21 and 31 share the Reset signal as 
well as the Trans signal, and that the HoWa.! and Holds.! signals 

25 correspond to each other, while the HoWa^s and Holds.! signals 
correspond to each other. This causes the M readout circuits Ra,i to 
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Ram ^ readout circuits Rb.i to Rbj^ to be operated at the same 

timing, the M holding circuits Ha,i,i to Hami the N holding circuits 
Hb,i,i to Hb,n,i to be operated at the same timing, and the M holding 
circuits Ha.i,2 to Ham2 a»d the N holding circuits Hb.u ^ Hb^;2 to be 

5 operated at the same timing. It is therefore possible to measure the 
intensity distribution of incident light at the same timing in both the 
column and row directions that are at right angles to each other in the 
two-dimensional array composed of the plurality of pixels. 
[0052] As described above, in the photo-detecting apparatus 1 

10 according to the first embodiment, the M readout circuits Ra^ included 
in the first signal processing section 21 can be operated at the same 
timing, the M holding circuits Ha^i can be operated at the same timing, 
and the M holding circuits Ha^ can be operated at the same timing. 
That is, an electric charge to be outputted firom the line La^ to which 

15 the N photodiodes PDa^i to PDa^ included in the group of pixels 
constituting the m-th row are connected can be read out at the same 
timing. The same applies to the second signal processing section 31. 
Accordingly, the photo-detecting apparatus 1 according to the first 
embodiment can obtain the intensity distribution of incident light at the 

20 same timing even when the intensity distribution of incident light may 
change with time. 
[0053] (Second Embodiment) 

Next, a second embodiment of a photo-detecting apparatus 
according to the present invention will be explained. Fig. 10 is a view 

25 showing the schematic configiu-ation of the photo-detecting apparatus 2 
according to the second embodiment. As shown in Fig. 10, the photo- 
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detecting apparatus 2 comprises a photo-detecting section 1 0, a signal 
processing section 22, and a control section 42. The photo-detecting 
section 10 has the same structure as in the first embodiment. The 
signal processing section 22 is electrically connected to the photo- 

5 detecting section 10 through M lines La,i to La>i and holds an electric 
charge to be transferred from photodiodes in the photo-detecting section 
10 through each line L/gn as well as outputting a voltage value Va^ in 
accordance with the thus held charge quantity, and is electrically 
connected to the photo-detecting section 10 through N lines Lb.i to Lb,n 

10 and holds an electric charge to be transferred from photodiodes in the 
photo-detecting section 10 through each hne Lb^ as well as outputting a 
voltage value Vb^i in accordance with the thus held charge quantity. 
The control section 42 controls the operation of the signal processing 
section 22. 

15 [0054] Fig. 11 is a view showing the configuration of the signal 
processing section 22 in the photo-detecting apparatus 2 according to 
the second embodiment. In the photo-detecting apparatus 2, the signal 
processing section 22 includes M readout circuits Ra.i to Ra^i, M 
holding circuits Ha,i.i to Haxu M holding circuits Ha,u to Haj4^, N 

20 readout circuits Rb,i to Rb.n, N holding circuits Hb,i.i to Hb^,i, N 
holding circuits Hb,u to Hbj^^, and a subtracting circuit S. The signal 
processing section 22 has approximately the same configuration as that 
including both the first and second signal processing sections 21 and 31 
of the photo-detecting apparatus 1 according to the first embodiment, 

25 with a difference in having one subtracting circuit S instead of the 
subtracting circuits Sa and Sb. It is noted that in Fig. 11, signal lines 
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for controlling the opening and closing of switches are omitted. 
[0055] In the signal processing section 22, one of the holding circuit 
HAjn.1 and the holding circuit Ha^^ holds a voltage value to be 
ou^utted from the readout circuit Ra^h, and one of die holding circuit 

5 Hbai and the holding circuit Hba2 holds a voltage value to be outputted 
from the readout circuit RB.n- Then, the subtracting circuit S receives a 
voltage value Vaju.! to be outputted from the holding circuit Ha^.i and a 
voltage value to be outputted from the holding circuit Ha^ to 
output a voltage value Va^ representing the difference between the 

10 voltage values (Va^.i - Va^) as well as receiving a voltage value Vb^i 
to be outputted from the holding circuit Hb^j and a voltage value Vb^z 
to be outputted from the holding circuit Hba2 to output a voltage value 
Vbji representing the difference between the voltage values (Vb^i - 

Vb^). 

15 [0056] The operation of the photo-detecting apparatus 2 according to 
the second embodiment is approximately the same as that of the photo- 
detecting apparatus 1 according to the first embodiment, and it is 
therefore possible to measure the intensity distribution of incident light 
at die same timing in both the column and row directions diat are at 

20 right angles to each other in the two-dimensional array constituted by 
the plurality of pixels. However, in the photo-detecting apparatus 2, 
voltage values Va.i to Wam and Vb.i to Vb^ are to be sequentially 
outputted from the one subtracting circuit S. 
[0057] (Third Embodiment) 

25 Next, a third embodiment of a photo-detecting apparatus 

according to the present invention will be explained. Fig. 12 is a view 
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showing the schematic configuration of the photo-detecting apparatus 3 
according to the third embodiment. As shown in Fig. 12, the photo- 
detecting apparatus 3 comprises a photo-detecting section 10, a first 
signal processing section 23, a second signal processing section 33, and 

5 a control section 43. The photo-detecting section 10 has the same 
structure as in the first embodiment. The first signal processing 
section 23 is electrically connected to the photo-detecting section 10 
through M Hues La,i to Laj^ and holds an electric charge to be 
transferred from photodiodes in the photo-detecting section 10 through 

10 each line La^ as well as outputting a voltage value V/^ in accordance 
with die thus held charge quantity. The second signal processing 
section 33 is electrically coimected to the photo-detecting section 10 
through N lines Lb,i to Lb,n and holds an electric charge to be 
transferred from photodiodes in the photo-detecting section 10 through 

15 each hne Lb^ as well as outputting a voltage value Vb^ in accordance 
with the thus held charge quantity. The control section 43 controls the 
operation of the first and second signal processing sections 23 and 33. 
[0058] Fig. 13 is a view showing the configuration of the first signal 
processing section 23 in the photo-detecting apparatus 3 according to 

20 the third embodiment. The first signal processing section 23 includes 
M readout circuits Ra,i to Ra^i, M holding circuits Ha,ui to Haxi» M 
holding circuits Ha.i^ to Ha>!^, M holding circuits Ha,i.3 to Hax3, M 
holding circuits Ha,u4 to Ha>i,4> and an adding and subtracting circuit 
S'a. The readout circuit Ra^ is connected to the line La^ and holds an 

25 electric charge to be transferred from photodiodes in the photo-detecting 
section 10 through the line La.™ as well as outputting a voltage value in 
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accordance with the thus held charge quantity. 
[0059] The input terminal of the holding circuit Ha^.i is connected to 
the output terminal of the readout circuit Ra^ via a switch SWi i and 
holds a voltage value to be outputted from the readout circuit R/gn when 
5 the switch SWn is closed, as well as outputting the thus held voltage 
value. Also, the output termmal of the holding circuit Ha^,i is 
connected to the first input terminal of the adding and subtracting circuit 
S'a via a switch SW21 . 

[0060] The input terminal of the holding circuit is connected to 
10 the output terminal of the readout circuit Raju via a switch SW12 and 
holds a voltage value to be outputted from the readout circuit Ra^ when 
the switch SW12 is closed, as well as outputting the thus held voltage 
value. Also, the output terminal of the holding circuit Ha^^ is 
connected to the second input temunal of the adding and subtracting 
1 5 circuit S'a via a switch SW22. 

[0061] The input terminal of the holding circuit Ha^ is connected to 
the output terminal of the readout circuit Ra^ via a switch SWn and 
holds a voltage value to be outputted from the readout circuit Ra^ when 
the switch SW13 is closed, as well as outputting the thus held voltage 
20 value. Also, the ou^ut terminal of the holding circuit H/^^s is 
connected to the third input terminal of the adding and subtracting 
circuit S'a via a switch SW23. 

[0062] The input terminal of the holding circuit HA.in.4 is connected to 
the ou^ut terminal of the readout circuit Ra^ via a switch SW14 and 
25 holds a voltage value to be outputted from the readout circuit Raju when 
the switch SW14 is closed, as well as outputting the thus held voltage 

30 



20061 7fl3 IB 17«l26i> 80£1 PATENT & LAW NO. 7006 P. 46 



FP04-0499-00 



value. Also, flie output tenninal of the holding circuit is 
connected to the fourth input tenninal of the adding and subtracting 
circuit S'a via a switch SW24. 

[0063] The opening and closing of the switch SWn is controlled by a 

5 HoWa,! signal. The opening and closing of the switch SW12 is 
controlled by a HoWa^ signal. The opening and closing of the switch 
SW13 is controlled by a HoldA,3 signal. The opening and closing of the 
switch SWi4 is controlled by a HoldA,4 signal. Further, die opening 
and closing of the switches SW21 to SW24 is controlled by a ShiftA^ 

10 signal. These signals will be outputted from the control section 43 . 

[0064] The adding and subtracting circuit S'a has the first, second, third, 
and fourth input tenninals. Based on a voltage value Va^i inputted to 
the first input terminal, a voltage value inputted to the second 
input terminal, a voltage value Va^b^ inputted to the third input terminal, 

15 and a voltage value Va^4 inputted to the fourth input terminal, the^ 
adding and subtracting circuit S'a outputs a voltage value Va^ (= 
(Va^ - Va^4) - (VAjn.! - Va^)) representing the result of adding and 
subtracting the voltage values. The first, second, third, and fourth 
input terminals can be connected to a ground potential througii switches, 

20 the opening and closing of which is to be controlled by a Reset'A signal 
to be outputted from the control section 43. 

[0065] Fig. 14 is a view showing the configuration of the second signal 
processing section 33 in the photo-detecting apparatus 3 according to 
the third embodiment. The second signal processing section 33 
25 includes N readout circuits Rb.i to Rbj^, N holding circuits Hb.i,i to 
Hb;^.i, N holding circuits Hb.i^ to Hb^^, N holding circuits Hb.i.3 to 
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Eb;h,3, N holding circuits Hb,i.4 to Hb;^.4, and an adding and subtracting 
circuit S'b- The readout circuit Rb^ is connected to the line Lbj, and 
holds an electric charge to be transferred from photodiodes in the photo- 
detecting section 10 through the hne Lb^ as well as outputting a voltage 

5 value according to the thus held charge quantity. 

[0066] The input terminal of die holding circuit Hb.ii.i is connected to 
the output terminal of the readout circuit Rb^ via a switch SWu and 
holds a voltage value to be outputted from the readout circuit Rb^i when 
the switch SWn is closed, as well as outputting the thus held voltage 

10 value. Also, the output terminal of the holding circuit Hb^i is 
connected to the first input terminal of the adding and subtracting circuit 
S'b via a switch SW21. 

[0067] The input terminal of the holding circuit HB,n^ is connected to 
the output terminal of the readout circuit Rb^ via a switch SW12 and 

15 holds a voltage value to be outputted from the readout circuit Rbji when 
the switch SW12 is closed, as well as outputting the thus held voltage 
value. Also, the output terminal of the holding circuit Hb^ is 
connected to the second input terminal of the adding and subtracting 
circuit S'b via a switch SW22- 

20 [0068] The input terminal of the holding circuit Hb^s is connected to 
the output terminal of the readout circuit Rb^ via a switch SW13 and 
holds a voltage value to be outputted from the readout circuit Rb^ when 
die switch SWi3 is closed, as well as outputting the thus held voltage 
value. Also, the output terminal of the holding circuit Hb^s is 

25 connected to the third input terminal of the adding and subtracting 
circuit S'b via a switch SW23. 



32 



20061 7^316 mifit SOEI PATENT & LAW 



NOJ006 P. 48 



FP04-0499-00 

[0069] The input terminal of the holding circuit Hba4 is connected to 
the output terminal of the readout circuit Rbji via a switch SWh and 
holds a voltage value to be outputted from the readout circuit Rb^ when 
the switch SWm is closed, as well as outputting the thus held voltage 
5 value. Also, the output terminal of the holding circuit Eb^a is 
connected to the fourth input terminal of the adding and subtracting 
circuit S'b via a switch SW24. 

[0070] The opening and closing of the switch SWu is controlled by a 
HoldB.i signal. The opening and closing of the switch SW12 is 

10 controlled by a Holds^ signal. The opening and closing of the switch 
SW13 is controlled by a HoWb^ signal. The opening and closing of the 
switch SWi4 is controlled by a HoldB.4 signal. Further, the opening and 
closing of the switches SW21 to SW24 is controlled by a ShiftB^i signal. 
These signals will be outputted from the control section 43. 

15 [0071]The adding and subtracting circuit S'b has the first, second, third, 
and fourth input terminals. On the basis of a voltage value Vb^i 
inputted to the first input traminal, a voltage value Vba2 inputted to the 
second input terminal, a voltage value Vb^ inputted to the third input 
terminal, and a voltage value Wb^a inputted to the fourth input terminal, 

20 the adding and subtracting circuit S'b outputs a voltage value Vb^ (= 
(Vb^ - Vba4) - (Vb^i - Vba2)) representing the result of adding and 
subtracting the voltage values. The first, second, third, and fourth 
input terminals can be connected to a ground potential through switches, 
the opaiing and closing of which is to be controlled by a Reset'B signal 

25 to be outputted from the control section 43. 

[0072] Fig. 15 is a circuit diagram of the adding and subtracting circuit <> 
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S\. The adding and subtracting circuits S'a and S'b liave the same 
circuit configuration. The adding and subtracting circuit S'a has four 
voltage follower circuits Fl to F4, six resistors Rl to R6, and an 
amplifier. 

5 [0073] The four voltage follower circuits Fl to F4 have the same 
configuration in which the inverting input terminal and the output 
terminal of an amplifier are coimected directly to each other to have a 
high input impedance and a low output impedance, being ideally an 
amplifier circuit with an amplification fector of 1. The voltage 

10 follower circuit Fl receives a voltage value Va^i to be sequentially 
outputted fi-om the M holding circuits Ha.i.i to Ha>i,i through the non- 
inverting input terminal. The voltage follower circuit F2 receives a 
voltage value Va^4 to be sequentially outputted fi-om the M holding 
circuits Ha.i.4 to Uama through the non-inverting input terminal. The 

15 voltage follower circuit F3 receives a voltage value VA.na to ^ 
sequentially ou^utted from the M holding circuits Ha.u to Ham2 
through the non-inverting input terminal. The voltage follower circuit 
F4 receives a vokage value Va^ to be sequentially outputted from the 
M holding circuits Ha,i^ to Ham3 through the non-inverting input 

20 terminal. 

[0074] The inverting input terminal of the amplifier is connected to the 
output terminal of the voltage follower circuit Fl via the resistor Rl and 
to the output terminal of the voltage follower circuit F2 via the resistor 
R2 as well as to the output terminal thereof via the resistor R5. The 

25 non-inverting input terminal of the amplifier is connected to the output 
terminal of the voltage follower circuit F3 via the resistor R3 and to the 
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output terminal of the voltage follower circuit F4 via the resistor R4 as 
well as to the ground potential via the resistor R6. Assuming that the 
amplification factor of the voltage follower circuits Fl to F4 is 1 and 

« 

that the six resistors Rl to R6 have the same resistance, the voltage 
5 value Va^ to be outputted from the output terminal of the adding and 
subtracting circuit S'a can be represented by the formula: Va^ = (Va^ 
- Va^4) - (Va^i - Va^). 

[0075] Next, an exemplary operation of the photo-detecting apparatus 3 
according to the third embodiment will be explained. Although the 

10 operation of the first signal processing section 23 will here be explained, 
the same applies to the operation of the second signal processing section 
33. Fig. 16 is a timing diagram for illustrating the operation of the first 
signal processing section 23 in the photo-detecting apparatus 3 
according to the third embodiment. It is noted that here will be 

15 explained the case where the photo-detecting apparatus 3 is used 
together with a hght-emitting diode (LED), for example, where light 
emitted from the LED enters the photo-detecting section 10 of the 
photo-detecting apparatus 3 directly or where light emitted from the 
LED and applied to a target object is imaged on the photo-detecting 

20 section 10 of the photo-detecting apparatus 3 via a lens system. 

[0076] It is noted that Fig. 16 shows the emission timing of the LED on 
the top thereof, and the waveforms of a Reset signal to be inputted to 
the gate terminal of the transistor T3 in the readout circuit Ra^ a Trans 
signal to be inputted to the gate terminal of the transistor T2 in the 

25 readout circuit Ra^ih, a HoldA,i signal for controlling the opening and 
closing of the switch SWn provided between the readout circuit RA.in 
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and the holding circuit Hajh.], a Hold>u signal for controlling the 
opening and closing of the switch SW12 provided between the readout 
circuit Ra^ and the holding circuit Ha^, a HoWa^ signal for 
controlling the opening and closing of the switch SW13 provided 

5 between the readout circuit Ra^ and the holding circuit Ha^,3, a HoldA.4 
signal for controlling the opening and closing of the switch SW14 
provided betweai the readout circuit Ra^ and the holding circuit Ha^4, 
a Reset'A signal for controlling the opening and closing of the switches 
provided between each input terminal of the adding and subtracting 

10 circuit S'a and the ground potential, a ShiftA,i signal for controlling the 
opening and closing of the switches SW21 to SW24 provided between the 
holding circuits Ha,i.i to Ha.i.4 and the adding and subtracting circuit S'a, 
a ShiftA^ signal for controlling the opening and closing of the switches 
SW21 to SW24 provided between the holding circuits Ha^i to Haa4 and 

15 the adding and subtracting circuit S'a, a ShiftA>! signal for controlling 
the opening and closing of the switches SW21 to SW24 provided between 
the holding circuits Hami to Ha.m.4 and the adding and subtracting 
circuit S'a, and a voltage value Va^ to be outputted from the adding 
and subtracting circuit S'a in this order from above. 

20 [0077] Before the time to, the LED is in OFF state, and the Reset signal 
is at a high level, while the Trans signal at a low level, the HoWa.! signal 
at a low level, the HoWa^ signal at a low level, the HoldA.3 signal at a 
low level, the HoldA.4 signal at a low level, the Reset'A signal at a low 
level, and each ShiftA^m signal at a low level. The Reset signal shifts to 

25 a low level at the time to and returns to a high level at the time t2, which 
follows the time t©. The Trans signal shifts to a high level at die time ti. 
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which follows the time to but precedes the time t2, and returns to a low 
level at the time ts, which follows the time t2. The LED becomes ON 
state at the time X3. 

[0078] Since the Reset signal is at a high level before the time to and the 

5 Trans signal is at a low level from the time to through ti, the electric 
charge in the capacitive section C of the readout circuit Ra^ is 
discharged to be in an initial state during the time period, whereby the 
voltage value in this initial state is to be outputted from the readout 
circuit Ra^. The HoWa,] signal is at a high level during a certain time 

10 period between the time to and ti to close the switch SWu, whereby the 
output voltage value Va^,i of die readout circuit Rajh during the time 
period is to be held by the holding circuit Hajd,!- Since the capacitive 
section C of each readout circuit Ra^ is in an initial state, the voltage 
value Va^ii,! contains dark signal components. 

15 [0079] Smce the Reset signal is at a low level while the Trans signal is 
at a high level from the time ti through t2, electric charge to be 
transferred from photodiodes in the photo-detecting section 10 through 
each line La^ is to be held in the capacitive section C of the readout 
circuit Ra^ to output a voltage value in accordance with the charge 

20 quantity from each readout circuit RA.m- The HoWa^ signal is at a high 
level during a certain time period between the time ti and t2 to close the 
switch SW12, whereby the output voltage value VA^n^ of the readout 
circuit Ra^ during the time period is to be held by the holding circuit 
Hajh^. Since the LED is in OFF state and the electric charge generated 

25 in photodiodes due to the incidence of background light into the photo- 
detecting section 10 is read out by the readout circuit Ra^ the voltage 
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value VA.ra^ contains background light components and dark signal 
components. 

[0080] Since the Reset signal is at a high level and the Trans signal is 
also at a high level from the time t2 through ta, the electric charge in the 

5 capacitive section C of the readout circuit Ra^h is discharged to be in an 
initial state during the time period. Since the Trans signal is also at a 
high level, if there remains an electric charge after transfer in the 
photodiodes PDa^i to PDa^, the electric charge is also to be 
discharged to be in an initial state. Charge accumulation in the 

10 photodiodes PDa^i to PDa^ will be started at the time ts. 

[0081] From the time ts through tio, the Reset signal is at a high level, 
while the Trans signal at a low level. The Reset signal shifts to a low 
level at the time tio and returns to a high level at the time ti2, which 
follows the time Uo. The Trans signal shifts to a high level at the time 

15 til, which follows the time tio but precedes the time t^, and returns to a 
low level at the time tn, which follows the time ti2. The LED is in an 
ON state from the time h toough before tn. 

[0082] Since the Reset signal is at a high level before the time tio and 
the Trans signal is at a low level from the time tio through tu, the 

20 electric charge in the capacitive section C of the readout circuit R>gn is 
discharged to be in an initial state during the time period, whereby the 
voltage value in this initial state is to be ou^utted from the readout 
circuit Ra^. The HoldA.3 signal is at a high level during a certain time 
period between the time tio and tn to close the switch SWn, whereby 

25 die output voltage value of the readout circuit Rajd during the 
time period is to be held by the holding circuit Ha^. Since the 
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c^acidve section C of each readout circuit Ra^ is in an initial state, the 
voltage value contains dark signal components. 
[0083] Since the Reset signal is at a low level while the Trans signal is 
at a high level from the time tn through t^, electric charge flowing from 

5 photodiodes through the hne La^ is to be held in the capacitive section 
C of the readout circuit Ra^ to output a voltage value in accordance 
with the charge quantity from the readout circuit Ra^. The HoldA.4 
signal is at a high level during a certain time period between the time tn 
and ti2 (however, while the LED is in an ON state) to close the switch 

10 SWi4, whereby the output voltage value Va^4 of the readout circuit 
Rajb during the time period is to be held by the holding circuit Ha^,4. 
Since die LED is in an ON state and the electric charge generated in 
photodiodes due to the incidence of LED light and background light 
into the photo-detecting section 10 is read out by the readout circuit 

15 Rajii, the voltage value Va^4 contains LED Hght components, 
background light components, and dark signal components. 
[0084] Smce the Reset signal is at a high level and the Trans signal is 
also at a high level from the time ti2 through t^, the electric charge in 
the capacitive section C of tfie readout circuit Ra^h is discharged to be m 

20 an initial state during the time period. Since the Trans signal is also at 
a high level, when there remains an electric charge after transfer in the 
photodiodes PDa^i to PDa^, die electric charge is also to be 
discharged to be in an initial state. Charge accumulation in the 
photodiodes PDa^i to PDa^ will be started at the time t^. 

25 [0085] Since the Reset signal is at a high level while the Trans signal is 
at a low level and the HoldA.i, HoWa^, HoldA.3, and HoldA.4 signals are 
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still at a low level from the time ti3 through tio, the voltage values held 
in the respective holding circuits Ha^i to will remain held 

without change. During this time period, the Reset'A signal is at a high 
level for a certain time period repeatedly M times. Then, during the 

5 time period in which the Reset'A signal is at a low level after the m-th 
high level, the ShiflAjn signal is at a high level for a certain time period. 
[0086] The ShiftA^ signal being thus at a high level for a certain time 
period causes the switches SW21 to SW24 provided between the holding 
circuits Ha^.i to Ha^4 and the adding and subtracting circuit S'a to be 

10 closed, whereby the voltage value Va^i held in the holding circuit 
Ha^i is to be inputted to the adding and subtracting circuit S'a, the 
voltage value Va^ held in the holding circuit Ha^ is to be inputted to 
the adding and subtracting circuit S'a, the voltage value ^ajoi^ held in 
the holding circuit Ha ^.i is to be inputted to the adding and subtracting 

1 5 circuit S'a, and the voltage value VAjn.4 held in the holding circuit Ha^4 
is to be inputted to the subtracting circuit Sa- Then, a voltage value 
Va^ (= (VA.n,.i - Va^4) - (Va^i - Va^)) will be outputted from the 
ou^ut terminal of the adding and subtracting circuit S'a- 
[0087] Thus, the voltage values Va,i to Yam will be sequentially 

20 outputted from the first signal processing section 23 to obtain the 
intensity distribution of incident light in the colunm direction in the 
two-dimensional array that is composed of the plurality of pixels. The 
voltage values Va^ obtained here represent LED light components at 
high accuracy with both background light components and dark signal 

25 components being removed. Also, calculating the respective 
differences (Va^ - Va^4) and (Va.™.! - Va^) aUows thermal noise 
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(kTC noise), which is specific for CMOS circuitry, to be reduced. 
[0088] It is noted that the second signal processing section 33 may be 
operated during the same time period as above where the JBrst signal 
processing section 23 is operated, or may be operated during a time 

5 period different from above. It is however preferable that the first and 
second signal processing sections 23 and 33 share the Reset signal as 
well as the Trans signal, and that the HoldA.i and Holde,! signals 
correspond to each other, the HoWa^ and Holds^ signals correspond to 
each other, the HoldA.3 and HoWb^ signals correspond to each other, and 

10 the HoldA,4 and HoldB,4 signals correspond to each other. This 
arrangement causes the M readout circuits Ra.i to Rajh and the N 
readout circuits Rb.i to Rb^ to be operated at the same timing, the M 
holding circuits Ha.i.i to Ha^i and the N holding circuits Hb.i.i to Hbj^.i 
to be operated at the same timing, the M holding circuits Ha,i^ to Hajm^ 

15 and the N holding circuits Hb,u to Hbw to be operated at the same 
timing, the M holding circuits Ha.i3 to Ha>u and die N holding circuits 
Hb.1.3 to Hbx3 to be operated at the same timing, and the M holding 
circuits Ha.i.4 to Ham4 and the N holding circuits Hb.i.4 to ife^,4 to be 
operated at the same timing. It is therefore possible to measure the 

20 intensity distribution of incident light at the same timing in both the 
column and row directions that are at right angles to each other in the 
two-dimensional array composed of the pixels. 
[0089] As described above, in the photo-detecting apparatiis 3 
according to the third embodiment, the M readout circuits Ra^ii included 

25 in the first signal processing section 23 can be operated at the same 
timing, the M holding circuits Ha^i can be operated at the same timing. 
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the M holding circuits Ha^ can be operated at the same timing, the M 
holding circuits Ha^,3 can be operated at the same timing, and the M 
holding circuits HA,m,4 can be operated at the same timing. That is, 
electric charge to be outputted from the line La^ to which the N 

5 photodiodes PDa^,i to PDa^ in the m-th row are connected can be 
read out at the same timing. The same apphes to the second signal 
processing section 33. Accordingly, the photo-detecting apparatus 3 
according to the third embodiment can obtain the intensity distribution 
of incident light at the same timing even when the intensity distribution 

1 0 of incident light may change with time. 
[0090] (Fourth Embodiment) 

Next, a fourth embodiment of a photo-detecting apparatus 
according to the present invention will be explained. Fig. 17 is a view 
showing the schematic configuration of the photo-detecting apparatus 4 

15 according to the fourth embodiment. As shown in Fig. 17, the photo- 

> 

detecting apparatus 4 comprises a photo-detecting section 10, a signal 
processing section 24, and a control section 44. The photo-detecting 
section 10 has the same structure as in the first embodiment. The 
signal processing section 24 is electrically connected to the photo- 

20 detecting section 10 through M lines La.i to Lam ^^^^s an electric 
charge to be transferred from photodiodes in the photo-detecting section 
10 through each line LA,m as well as outputting a voltage value Va^ in 
accordance with the thus held charge quantity, and is electrically 
connected to the photo-detecting section 10 through N lines Lb.i to Lb^ 

25 and holds an electric charge to be transferred from photodiodes in the 
photo-detecting section 10 through each line Lb^ as well as outputting a 
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voltage value Vb^, in accordance with the thus held charge quantity. 
The control section 44 controls the operation of the signal processing 
section 24. 

[0091] Fig. 18 is a view showing the configuration of die signal 

5 processing section 24 in the photo-detecting apparatus 4 according to 
the fourth embodiment. In die photo-detecting apparatus 4, the signal 
processing section 24 includes M readout circuits Ra.i to Ry^, M 
holding circuits Ha.i.i to Hajh.i> M holding circuits Ha.i^ to Ha>u. M 
holding circuits Ha,i^ to Ha.m.3, M holding circuits Ha.i.4 to Hax4, N 

10 readout circuits Rb.i to Rb^, N holding circuits Hb.i.i to Hb^.i, N 
holdmg circuits Hb.u to Hb^^, N holding circuits Hb.i;j to Hb^^, N 
holding circuits Hb.i,4 to Hb^4, and an adding and subtracting circuit S'. 
The signal processing section 24 has approximately the same 
configuration as that including both the first and second signal 

15 processing sections 23 and 33 of the photo-detecting apparatus 3 
according to the third embodiment, with a difference in having one 
adding and subtracting circuit S' instead of the adding and subtracting 
circuits S'a and S'b- It is noted that in this figure, signal lines for 
controlling the opening and closing of switches are omitted. 

20 [0092] In the signal processing section 24, one of the holding circuits 
Ha^.i to Ua^4 holds a voltage value to be outputted from the readout 
circuit Ra^, and one of die holding circuits Hb^i to Hbj,.4 holds a 
voltage value to be outputted from the readout circuit Rb^. Then, the 
adding and subtracting circuit S' receives a voltage value Va^i to be 

25 outputted from the holding circuit HA.m.i, a voltage value Va^ to be 
outputted from the holding circuit Ha^, a voltage value Va^^ to be 
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outputted from the holding circuit HAjn,3, and a voltage value Va^4 to 
be outputted from the holding circuit Ha^4 to output a vohage value 
Va^ representing the addition and subtraction of the voltage values 
((Va^3 - Va^4) - (VA.m.1 - Va^)). The adding and subtracting circuit 

5 S' also receives a voltage value Vb^i to be outputted from the holding 
circuit Hb^i, a voltage value Vb^ to be outputted from the holding 
circuit Hba2, a voltage value Vba3 to be outputted from the holding 
circuit Hba3, and a voltage value Vba4 to be outputted from the holding 
circuit Hba4 to output a voltage value Vb^ representing the addition and 

10 subtraction of the voltage values ((Vba3 - Vba4) - (Vbai - Vba2))- 

[0093] The operation of the photo-detecting apparatus 4 according to 
the fourth embodiment is approximately the same as that of the photo- 
detecting apparatus 3 according to flie third embodiment, and it is 
therefore possible to measure the intensity distribution of incident light 

15 at the same timing in botii the column and row directions that are at 
right angles to each other in the two-dimensional array composed of the 
pixels. However, in the photo-detecting apparatus 4, voltage values 
Va.1 to Wam and Vb.i to Vbj^ are to be sequentially outputted from the 
one adding and subtracting circuit S'. 

20 [0094] From the invention thus described, it will be obvious that the 
embodiments of the invention may be varied in many ways. Such 
variations are not to be regarded as a departure from the spirit and scope 
of the invention, and all such modifications as would be obvious to one 
skilled in the art are intended for inclusion within the scope of the 

25 following claims. 

Industrial ApplicabiUty 
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[0095] The present invention relates to a photo-detecting apparatus 
comprising a photo-detecting section in which a plurality of pixels each 
having photodiodes are arranged in a two-dimensional array constituted 
by M rows and N columns, which makes it possible to obtain the 
5 intensity distribution of incident light at the same timing even when the 
intensity distribution of incident light may change with time. 
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